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Abstract Objective To assess the utility of low- and high-frequency tympanometry in the diagnosis of middle
ear dysfunction in Chinese infants. Methods Tympanograms were obtained with 226 Hz, 678 Hz and 1000 Hz
probe tones from infants aged 5-25 weeks with normal auditory brainstem responses（ABRs）（15 infants, 30 ears）
and with prolonged wave I latencies（17 infants, 20 ears）, suggesting middle ear dysfunction, using a GSI Tympstar
middle ear analyzer Version II. Results The single-peaked tympanogram was the most characteristic type in both
groups and seen in 25 ears（83.3%）in the normal ABR group and in 18 ears（90%）in the delayed wave I group, re⁃
spectively. The peak pressure, peak compensated static acoustic admittance and gradient of 226 Hz tympanometry
were of no significant differences between the two groups. The 678 Hz tympanograms of admittance, susceptance and
conductance demonstrated non-peak, single-, double- and tri-peaked patterns in both groups. The agreement be⁃
tween ABRs and 678 Hz tympanograms of admittance,susceptance and conductance were 70.0%, 58.0% and 64.0%
（kappa=0.324, 0.234 and 0.118）respectively. For 1000 Hz probe tone, admittance, susceptance and conductance
tympanograms showed single peaked patterns in 28（93.3%）, 25 (83.3%) and 26（86.7%）of the 30 normal ears. Ad⁃
mittance, susceptance and conductance tympanograms using the 1000 Hz probe tone were flat in 15（75%）, 17
（85%）and 13（65%）of the ears in infants with prolonged wave I latencies. For 1000 Hz admittance, susceptance
and conductance Tympanograms, the agreement between tympanometry and ABR results were 90.0% , 92.0% and
86.0% with kappa at 0.783, 0.831 and 0.690, respectively. Conclusion 1000 Hz probe tone tympanometry is a
promising middle ear function test for infants of 1-6 months age, while 226 Hz and 678 Hz probe tones are less effi⁃
cient in detecting middle ear dysfunction in infants.
Introduction
With the implementation of universe newborn
hearing screening programs in many countries and
areas, there is an exigent need for a test of middle ear
function to differentiate midle-ear pathology from
sensorineural hearing loss. The main purpose of
neonatal hearing screening is to detect children with
significant permanent hearing los（mainly sensorineural
hearing loss or SNHL）. Nonetheless, studies have
shown that a large proportion of young infants,
diagnosed to have hearing loss, have mild to moderate
conductive hearing impairment［1］. However, detection
and diagnosis of middle ear pathologies in infants are
very difficult. Symptoms of otitis media are not
recognized by parents in almost half of initial episodes［2］.
Otoscopic examination is not sufficient for infants
younger than 6 months［3］ and the accuracy of pneumatic
otoscopic diagnosis has been doubted recently ［4, 5］.
Conventional tympanometry, using a low frequency
（usually 226 Hz）probe tone, is a reliable indicator of
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many middle ear pathologies in adults and older
children, but it has been recognized to be inappropriate
for infants below about 7 months of age, because of its
poor sensitivity in detecting middle ear diseases. Many
researchers have reported normal 226 Hz tympanograms
in the presence of confirmed middle ear pathology［6, 7］.
Further, it has produced variable tympanogram patterns
（such as double-peaked）in infants compared to adults
and older children［7, 8］. Hence, studies for an effective
middle ear function test for infants are necessary.
For some years, the use of tympanometry with high
probe tone frequencies（> 226 Hz）has been advocated.
The use of a high frequency probe tones（e.g., 678 and
1000 Hz） has been shown to be more sensitive to
middle ear dysfunction in infants than the conventional
probe tone［9－11］. Marchant［9］studied 660 Hz susceptance
tympanograms in 136 ears of infants younger than 5
months and found that the absence of a tympanogram
peak and otoscopic diagnosis of middle ear effusion
were highly associated. McKinley et al［11］ found that all
the 9 subjects who failed OAE also failed the 678 Hz
tympamometry test, suggesting high sensitivity of the
latter. Margolis et al［10］ found that infants who passed
OAE screen had substantially higher 1 kHz static
admittance than those who failed.
However, there are also studies showing conflicting
results. Rhodes et al［4］ compared methods of hearing
screening in the neonatal intensive care unit（NICU）
and found that 30% to 67% of those who failed 678 Hz
tympanometry passed other screening methods,
suggesting a high false-positive rate for the 678 Hz
tympanogram. In the study of Thornton et al［12］, the pass
rate for 1000 Hz tympanometry was not significantly
different between those who passed and those who failed
OAE tests.
Because of the lack of“gold standard”, many
previous studies have evaluated the diagnostic efficacy
of high frequency tympanometry by comparing it to
OAE, otoscopy and other tests. Thus, the results of these
studies are different to some extent. Moreover, subjects
in the majority of these studies have been neonates,
although diagnostic tests of middle ear dysfunction for
infants of age 1 - 6 months are probably more important
due to the fact that definite diagnosis of hearing loss is
usually made during this period. Until now, studies of
high frequency tympanometry have been inconclusive.
Further, no studies have described high frequency
tympanometry results in Asian infants, despite the fact
that hearing screening programs have been implemented
in many areas in China and other Asian countries.
ABRs have been widely used in the screening and
diagnosis of infant hearing loss. Fria et al［13］ reported
that the wave I latency was a valuable tool for detecting
the presence of conductive hearing impairment in
infants. In the experiences of the authors, prolonged
wave I latencies in infants mainly suggest middle ear
dysfunction. The present study compared the results of
tympanometry with ABR wave I latency, in order to (1)
describe the characteristic of high frequency
tympanometry in Chinese infants between 1 and 6
months of age with or without middle ear dysfunction;
and (2) evaluate the diagnostic efficacy of low and high
frequency tympanometry for middle ear dysfunction in
Chinese infants at age 1-6 months.
Method and Material
Subjects
Subjects in the normal hearing group were 15 infants
（30 ears）at age 1-6 months with normal ABR results
selected from patients tested at the Audiometric
Laboratory of Peking Union Medical College Hospital.
Subjects were composed of 8（53.3%） boys and 7
（46.7%） girls. The mean chronologic age was 16.9
weeks and the mean corrected term age was 15.9 weeks.
Seventeen infants（20 ears）with prolonged ABR
wave I latencies, suggesting possible middle ear
dysfunction, identified at Peking Union Medical College
Hospital and Beijing Children's Hospital were included
as the middle ear dysfunction group. There were 13 boys
（14 ears）and 4 girls（6 ears）in this group. The mean
chronologic age was 14.6 weeks and the mean corrected
term age was 13.6 weeks, which were not statistically
different from the normal hearing group.
Procedures
ABRs were recorded during natural or chloral
hydrate-induced sleep with commercially available
auditory evoked potential systems（Nihon Kohden
MEB-5304K in Peking Union Medical College Hospital
and Dentec Keypoint V.2.11 in Beijing Children's
Hospital）. Surface electrodes were placed on the high
forehead, ipsilateral mastoid, and low forehead, which
served as the active, reference, and ground,
respectively. Alternating polarity click stimuli were
delivered through an inserted ear phone at the rate of 20/
s. Initially, stimuli were presented at the level of 70 dB
nHL（i.e., adult behavioral norms） and the wave I
latency was measured after reproducibility of the
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response was confirmed. The ABR threshold was then
determined. Thresholds higher than 30 dB nHL were
defined as outside the normal range. Wave I latencies
were regarded as abnormal if they were longer than 1.94
ms for age 1-3 month or 1.98ms for age 4-6 month. If
the interaural wave I latency difference was greater than
0.30 ms, the longer side was considered prolonged.
Following obtaining parental consent, tympanog-
rams were performed with an acoustic immittance system
（Grason-Stadler GSI Tympstar middle ear analyzer
Version II）. The external ear canal pressure was
changed from + 200 daPa to -400 daPa at a rate of 50
daPa/sec. A 226 Hz admittance tympanogram was
obtained after probe insertioin. Peak compensated static
admittance, tympanometric width and gradient and peak
pressure of the 226 Hz admittance tympanogram were
determined. This was followed by recording of
admittance（Ya）, susceptance（Ba） and conductance
（Ga） tympanograms with 678 Hz and 1000 Hz probe
tones. The 678 Hz and 1000 Hz tympanograms were
analyzed for deviations from a baseline across + 200
daPa to -400 daPa ［9］（Fig. 1）. Tympanograms were
categorized according to the number of upward peaks
from the baseline and the peak immittance above
baseline was measured at right angles to the abscissa of
the X-Y plot.
Agreement between tympanometry and ABR results
was estimated by calculating both percentage agreement
and the statistic kappa, which assesses agreement
between two methods without assigning one method as
a b
Fig 1. Patterns of high frequency tympanograms. (a) and (b) single-peak; (c) non-peak; (d) Tri-peak.
c d
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representing the“truth” or“gold standard”. Kappa
analysis accounts for chance agreement and has a
maximal value of 1.0. Values from 0.41 to 0.60 indicate
moderate agreement, 0.61 to 0.80 substantial agreement,
and 0.81 to 1.00 approaching perfect agreement.
Results
226 Hz tympanometry Tympanometry using the
226 Hz probe tone yielded single- or double-peaked
tympanograms in both groups. Single-peaked tympano⁃
grams were seen in 25 ears（83.3%）and double-peaked
tympanograms in 5 ears（16.7%）（Fig. 2）in the group
with normal ABR results. In infants with prolonged wave
I latencies, singled-peaked tympanograms were seen in
18 ears（90%）and double-peaked tympanograms in 2
ears（10%）（Fig.2）. The peak compensated static adimit⁃
tance, ear canal pressure, tympanometric width and gra⁃
dient were not statistically different between the two
groups（Tab.1）.
678 Hz tympanometry Admittance, susceptance
and conductance tympanograms with 678 Hz probe tone
were variable in both groups（Fig. 3）. Table 2 shows the
distribution of various types. In both groups, peaks were
seen in the majority of admittance and susceptance
tympanograms, while the majority of conductance
tympanograms were without peaks.
1000 Hz tympanometry In infants with normal
ABRs, single-peak patterns were seen in 28 ears
（93.3% ） in admittance tympanograms, 25 ears
（83.3%） in susceptance tympanograms and 26 ears
(86.7% ) in conductance tympanograms, respectively
（Fig. 4）. Apart from one susceptance tympanogram, no
a b
a b
Fig 2. In both group, most subjects showed single-peaked tympanograms for the probe tone of 226 Hz and a
few ears showed double-peaked tympanograms. (a) and (b) from children with normal ABR, (c) and (d)
from children with prolonged wave I latency.
c d
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Table 1. Comparison of 226 Hz tympanometry parameters between infants with normal ABRs and delayed wave I latencies.
Group
Normal ABR
Prolonged wave I latency
P value
n
30
20
Peak pressure（x ±
daPa
-7 ± 28
-17 ± 29
> 0.05a
Peak Compensated Static
Admittance（x ± s）
ml
0.73 ± 0.37
0.48 ± 0.28
> 0.05a
Tympanometric
Width（x ± s）
daPa
177 ± 43
170 ± 36
> 0.05a
Tympanometric
Gradient（M）
0.2
0.3
> 0.05b
a Independent-samples T test；
b Nonparametric test of Two independent-samples.
Tympanogram pattern
No peak
Single-peaked
Double-peaked
Tri-peaked
Normal ABR（n＝ 30）
Ya
3（10.0）
16（53.3）
10 (33.3)
1 (3.3)
Ba
19（63.3）
8（26.7）
3 (10.0)
0 (0)
Ga
0（0）
4（13.3）
19 (63.3)
7（23.3）
Prolonged wave I latency（n＝ 20）
Ya
8（40.0）
6（30.0）
6（30.0）
0（0）
Ba
18（90.0）
2（10.0）
0（0）
0（0）
Ga
2（10.0）
0（0）
16（80.0）
2（10.0）
Table 2. Type of 678 Hz Tympanograms［ears（%）］
a b c
Fig 3. For admittance, susceptance and conductance, the pattern of 678 Hz tympanograms were variable in both groups. (a)
and (b) Ya tympanograms from children with normal ABR, (c) and (d) Ba/Ga tympanograms from children with normal ABR*,
(e) Ya tympanograms from children with prolonged wave I latencies,（f）Ba/Ga tympanograms from children with prolonged
wave I latencies*. *Black = Ba Tympanograms; gray = Ga tympanograms.
d e f
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flat tympanograms were observed. In the group with pro⁃
longed wave I latencies, peakless patterns were most
common and seen in 15 ears（75%）in admittance tym⁃
panograms, 17 ears（85％） in susceptance tympano⁃
grams and 13 ears（65%) in conductance tympanograms
respectively（Fig.4）.
Accuracy of 678 and 1000 Hz tympanometry
Diagnostic agreement between tympanometry and ABR
results were analyzed for the 678 Hz and 1000Hz probe
tones（Tab. 3）. The absence of tympanogram peak（Ya,
Ba or Ga≤0） and prolonged wave I latencies were
highly associated for the 1000 Hz probe tone（kappa
0.65-0.85）, but not for the 678 Hz probe tone（kappa
values less than 0.4）.
Other tympanometric criteria were also examined.
When using peak admittance greater than 0.1 mmho as
the cutoff point for normal middle ear function,
percentage agreement and kappa were 94.0% and
0.872. The index of agreement was higher than the
simple criterion of peak Y> 0 for normal middle ear
function.
1000 Hz tympanogram Vs wave I latency Fourteen
infants showed unilateral prolonged wave I latencies.
Among these subjects, 7 demonstrated peak-less
tympanograms in the contralateral ear with normal wave
I latencies.
Case report
Case 1. This female infant was a graduate of NICU
and passed routine neonatal hearing screening at
discharge. At the age of 13 weeks, the secondary ABR
Fig 4. In infants with normal ABRs, most subjects showed single-peaked 1 000 Hz tympanograms and most
of those with prolonged wave I latencies showed non-peaked 1000 Hz tympanograms. (a) Ya tympanogram
from an infant with normal ABR, (b) Ba/Ga tympanogram from an infant with normal ABR *, (c) Ya tympa⁃
nogram from an infant with prolonged wave I latencies, (d) Ba/Ga tympanogram from an infant with pro⁃
longed wave I latencies *. *Black = Ba tympanograms; gray = Ga tympanograms.
a b
c d
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678 Hz Ya
absence of positive peak
presence of positive peak
678 Hz Ba
absence of positive peak
presence of positive peak
678 Hz Ga
absence of positive peak
presence of positive peak
1 000 Hz Ya
absence of positive peak
presence of positive peak
1 000 Hz Ba
absence of positive peak
presence of positive peak
1 000 Hz Ga
absence of positive peak
presence of positive peak
ABR
Prolonged wave I latency（n ＝ 20
8
12
18
2
2
18
15
5
17
3
13
7
Normal(n＝30 ears)
3
27
19
11
0
30
0
30
1
29
0
30
Agreement = 70.0%
Kappa = 0.324
Agreement = 58.0%
Kappa = 0.234
Agreement = 64.0%
Kappa = 0.118
Agreement = 90.0%
Kappa = 0.783
Agreement = 92.0%
Kappa = 0.831
Agreement = 86.0%
Kappa = 0.690
Table 3. Comparison of high frequency tympanometry and ABR results.
screening showed prolonged wave I latencies, suggesting
middle ear dysfunction. Tympanogram with 1000 Hz
probe tone from the right ear was flat. While the left ear
showed a single-peak, the peak admittance value is
merely 0.1 mmho（Fig. 5）. In contrast, the 226 Hz
tympanogram demosntrated single- peaked patterns in
both ears. ABR and tympanometric testing were
repeated three months later, showing normal ABR and
1000 Hz probe tone tympanogramon results in the left
ear and prolonged wave I latencies and flat 1000 Hz
tympanograms on the right（Fig. 5）. The 226 Hz
tympanogram on both sides continued to show
single-peaked patterns similar to those at 13 weeks.
Case 2. An 8 week male infant showed prolonged wave I
latencies on the right and normal ABR results on the
left. The 226 Hz admittance tympanogram showed broad
single peaks on both sides. However, 1000 Hz
admittance tympanograms were without peaks. DPOAE
were absent in the right ear and present at 700, 1000
and 1400 Hz in the left ear. His temporal bone CT scans
showed low density signals in the tympanic cavity and
antrum（Fig. 6）, which validated the results of 1000
Hz tympanograms.
Discussion
Validation of tests for diagnosis of middle ear
pathology in the infant population is a difficult problem,
due to lack of accepted gold standard, which makes it
difficult to determine the sensitivity and specificity of
new tests. Ideally middle ear effusion would be
diagnosed via tympanocentesis or surgical exploration［9，
14］. These procedures are invasive and difficult to justify
in young infants showing no solid evidence of middle ear
diseases. Because otoacoustic emissions（OAEs）require
efficient transmission of sound, several researchers have
used OAEs to differentiate ears with possible middle ear
dysfunction from the normal［10, 11, 12, 15］. However, the
results were controversial in different studies. In this
study, prolonged ABR wave I latency was used as
evidence of possible middle ear dysfunction. As we
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know, wave I continues to develop after birth until 3
months of age. Thus ABR is clearly an imperfect gold
standard because the variation of wave I latency among
individuals is fairly large which limits its sensitivity and
specificity as a test. Prolonged wave I latencies can also
be recorded in some patients with high frequency
SNHL. However, according to the result by Fria et al［13］
and the authors'experiences, prolonged wave I latencies
mainly represent severe middle ear dysfunction while
normal ABR results are indicative of normal middle ear
function-two extreme conditions. Patients with abnormal
ABR results other than prolonged wave I latencies（e.g.
elevated thresholds with normal wave I latencies）and
ears contralateral to those with prolonged wave I
latencies were not included in this study. As we will
discuss later, the latter might have been affected by
middle ear dysfunction to a certain extent. As there is no
available gold standard, we decided to investigate the
effectiveness of tympanometry by comparing it to the
ABR wave I latency. The results in this study illustrated
the potential utility of 1000 Hz tympanometry in
evaluating middle ear function in infants.
Consideration was given to obtaining adequate
a b
Fig 5. 1 000 Hz tympanograms in Case 1: (a) and (b) at the age of 3 months from the left
and right ears respectively. (c) and (d) at the age of 6 months from the left and right ears
respectively.
c d
Fig 6. Temporal bone CT scans of Case 2 showing low density
signals in the tympanic cavity（long tail arrow）and the antrum
（short tail arrow）on both sides.
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sample sizes in both middle ear dysfunction and control
groups during study subject selection. The lack of
statistical differences between the diseased and normal
groups in 226 Hz tympanometry demosntrates its
inability to differentiate diseased middle ear from the
normal. The poor agreement between ABR results and
678 Hz tympanograms suggestes that they are not
efficient in diagnosing middle ear dysfunction in infants.
The excellent agreement between 1000 Hz
tympanometry and ABR results in both normal ABR and
delayed wave I latency groups suggests that 1000 Hz
probe tone tympanomety is a promising test for middle
ear disease during infancy. Because of limited sample
sizes in this study, further studies are needed to evaluate
the sensitivity and specificity of 1000 Hz tympanometry.
Some subjects with unilaterally affected ABR wave I
latencies demonstrated "normal" ABR results but flat
1000 Hz tympanograms in the contralateral ear. Because
both ears are likely exposed to similar risk factors, the
contralateral ear may carry middle ear dysfunction
undetected by ABR latency measures, as seen in Case
2. This may suggest better sensitivity for 1000 Hz
tympanometry than wave I latency in detecting infant
middle ear dysfunction.
In our study, single peak was the most typical
pattern for 226 Hz probe tone tympanograms in both
normal and middle ear disease groups. However,
Pestalozza et al［7］ reported that a large smooth-notched
curve was more frequently found in normal infants and
in children with serous or purulent otitis media at 5-120
days of age. Although the subjects in Pestalozza's study
were youger than our study, given the subjects of the
present study were of Asian race, the discrepancy
between these two studies may represent a racial
difference. The 678 Hz tympanomety in this study
demonstrated significant variability and showed poor
discrimination between ears with normal ABRs and
ABRs with delayed wave I. There have been several
studies suggesting that a single-peaked tympanogram is
most characteristic for a probe frequency of 660 or 678
Hz in infants or neonates and that they are efficient in
differentiating pathologic from normal middle ears［9, 11, 16,
17］. The discrepancy between the present study and
previous reports may be again due to ethnic differences.
There is no consensus in the literature on the
criteria for normal high-frequency tympanometry in
infants, because of the paucity of research studies in this
area. In high frequency tympanometry studies
investigating middle ear function in infants, researchers
have tended to use two main types of criteria to classify
high frequency infant tympanograms. Firstly, several
researchers have suggested that the presence of any
peak or notching is normal and that a flat, unnotched
tympanogram is suggestive of effusion（e.g. Marchant et
al［9］）. Secondly researchers have recommended absolute
values of susceptance or admittance to differentiate
effusion versus normal middle ears（e.g. Shurin et al
［17］）. In the current study, the presence of discernable
peaks above the baseline were regarded as normal. The
results from this study suggest that this criterion is
effective in assessing middle ear function for 1000 Hz
probe tone tympanometry, but not for 678 Hz probe
tone. However, there is considerable uncertainty as to
what should constitute a pass and fail. Pass-fail criteria
other than what have been used in this study may have
produced different results. It deserves further study to
determine valid criteria.
Questions remain as to why 226 Hz tympanometry
is not as efficient in detecting middle ear dysfunction in
infants as it has been proven in adults, whereas 1000
Hz tympanometry seems to be accurate in infants. This
may be due to the development of external and middle
ear after birth. Physical changes that may account for
the acoustic changes include: an increase in the size of
the external ear and the formation of the bony ear canal
wall, an increase in the size of the middle ear cavity and
mastoid, a decrease in the overall mass of the middle ear
due to changes in bone density, loss of mesenchyme,
and tightening of the ossicular joints. The infant middle
ear is therefore a mass-dominated system and has a
higher resonant frequency in contrast to the adult
middle ear, which is a stiffness-dominated system that
resonates at lower frequencies.
Since otitis media with effusion（OME）is a prevalent
disorder during infancy［18］, the middle ear dysfunction in
children with prolonged ABR wave I latencies studied in
this report was most likely related to OME. On the other
hand, middle ear malformation and the incomplete
absorption of mesenchyme and amniotic fluid in the
middle ear cavity were also possible causes.
Sampling errors are possible in this study. Subjects
in the normal group were selected from patients sent to
the audiometric lab for ABR testing. Most of these
infants were NICU graduates with risk factors of hearing
loss. Despite their normal ABR results, they may differ
from non- NICU normal infants.
From our results, we conclude that tympanometry
using 1000 Hz probe tone is a promising diagnostic test
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for middle ear dysfunction in infants between age 1-6
months, and that tympanometry using a 226 Hz or 678
Hz probe tone is not efficient in detecting middle ear
dysfunction in infants. The 1000 Hz tympanometry is
likely more sensitive than ABR wave I latency in
detecting middle ear dysfunction of infants. Some
discrepancies between the current study and previous
reports in other countries for probe tones at 226 Hz and
678 Hz may represent racial differences that needs to be
further studied.
References
1 McPherson B, Kei J, Smyth V, et al. Feasibility of
community-based hearing screening using transient evoked
otoacoustic emissions. Pub Health 1998, 112: 147-152.
2 Anteunis LJ, Engel JA, Hendriks JJ et al. A longitudinal study
of the validity of parental reporting in the detection of otitis media
and related hearing impairment in infancy. Audiology. 1999
Mar-Apr, 38 (2) :75-82.
3 Engel J, Anteunis L, Chenault M, et al. Otoscopic findings in
relation to tympanometry during infancy. Eur Arch
Otorhinolaryngol. 2000，257 (7) : 366-371.
4 Rhodes MC, Margolis RH, Hirsch JE, et al. Hearing screening
in the newborn intensive care nursery: comparison of methods.
Otolaryngol Head Neck Surg. 1999 Jun, 120 (6) : 799-808.
5 Eavey RD. Abnormalities of the neonatal ear: otoscopic
observations, histologic observations, and a model for
contamination of the middle ear by cellular contents of amniotic
fluid. Laryngoscope. 1993 Jan, 103(1 Pt 2 Suppl 58) : 1-31.
6 Paradise J, Smith C, Bluestone C. Tympanometric detection of
middle ear effusion in infants and young children.
Pediatrics.1976, 58: 198-210.
7 Pestalozza G, Cusmano G. Evaluation of tympanometry in
diagnosis and treatment of otitis media of the newborn and of the
infant. Int J Pediatr Otorhinolaryngol. 1980 Apr, 2 (1): 73-82.
8 Sprague BH, Wiley TL, Goldstein R. Tympanometric and
acoustic-reflex studies in neonates.J Speech Hear Res. 1985 Jun,
28 (2) : 265-72.
9 Marchant CD, McMillan PM, Shurin PA, et al. Objective
diagnosis of otitis media in early infancy by tympanometry and
ipsilateral acoustic reflex thresholds. J Pediatr. 1986 Oct，109
(4) : 590-595.
10 Margolis RH, Bass-Ringdahl S, Hanks WD, et al.
Tympanometry in newborn infants--1 kHz norms. J Am Acad
Audiol. 2003 Sep, 14 (7) : 383-392.
11 McKinley AM, Grose JH, Roush J: Mulit-frequency
tympanometry and evoked otoacoustic emissions in neonates
during the first 24 hours of life. J Am Acad Audiol 1997, Jun, 8
(3) : 218-223.
12 Thornton ARD ,Kimm L,Kennedy CR,et al. External and
middle-ear factors affecting evoked otoacoustic emissions in
neonates. Br J Audiol. 1993，27: 319-327.
13 Fria TJ, Sabo DL. Auditory brainstem responses in children
with otitis media with effusion. Ann Otol Rhinol Laryngol Suppl.
1980 May-Jun, 89 (3 Pt 2) : 200-206.
14 Watters GW, Jones JE, Freeland AP. The predictive value of
tympanometry in the diagnosis of middle ear effusion. Clin
Otolaryngol Allied Sci. 1997 Aug，22 (4) : 343-345.
15 Kei J, Allison-Levick J, Dockray J et al. High-frequency
(1000 Hz) tympanometry in normal neonates. J Am Acad Audiol.
2003, 14(1): 20-28.
16 Margolis RH, Popelka GR. Static and dynamic acoustic
impedance measurements in infant ears. J Speech Hear Res. 1975
Sep, 18 (3) : 435-443.
17 Shurin PA, Pelton SI, Finkelstein J. Tympanometry in the
diagnosis of middle-ear effusion. N Engl J Med. 1977 Feb 24，296
(8): 412-417.
18 Engel J, Anteunis L, Volovics A, Hendriks J, Marres E.
Prevalence rates of otitis media with effusion from 0 to 2 years of
age: healthy-born versus high-risk-born infants.Int J Pediatr
Otorhinolaryngol. 1999 Mar 15, 47 (3) : 243-251.
